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RELATIONSHIPS  BETWEEN  PHYSIOLOGICAL  ACTION  AND 
CHEMICAL  CONSTITUTION. 
Introduction. 

A  consideration  of  the  subject  "Relationships  between  Physiolog- 
ical Action  and  Chemical  Constitution"  must  of  necessity  he  rather 
general  because  of  the  extensity  of  the  field-  a  subject  upon  which 
many  volumes  have  been  written,  but  which  has  as  yet  barely  received 
a  surface  scratch.      Investigation  has  received  a  decided  stimulus  of 
late  due  to  the  fact  that  anesthetics  are  necessary  in  the  base  hos- 
pitals in  the  war  zone. 

The  purpose  of  synthesizing  drugs  is  to  duplicate  a  natural  sub- 
stance, to  improve  upon  it  when  possible,  by  removing  the  harmful  and 
^desirable  effects,  e.g.  to  increase  the  effect,  at  the  same  time  de- 
creasing the  toxicity  and  adding  certain  desired  effects  not  present 
in  the  original  substance.    Spiegel  (1)  states  that  "the  production 
of  an  effect  at  any  desired  place  in  the  organism  necessities  such 
.  chemical  constitution  of  the  ingested  substances  as  to  make  possibl, 
their  local  fixation,  whether  cbemical  or  physical".    Many  attempts 
have  been  made  lately  to  determine  what  parts  of  the  molecule  of 
physiologically  active  substances  are  responsible  for  the  resulting 
specific  physiological  action,  by  removing  characteristic  groups,  re- 
piacing  them  by  others,  making  substitutions,  and  in  fact  changing 
many  parts  of  the  molecule.    It  has  been  found  in  many  cases  that  a 

4.-     t„  ai-ffprpnt  effect  than  the  original 
new  group  may  produce  an  entirely  different 

a  »  to  the  group  itself  or  to  the  neutralization  of 

substance,  due  either  to  »ne 

another  effect,  by  paralyzing  one  of  the  original  groups,    .or  ex-^ 
aaple,  benzoyl  ecogonine  which  has  the  characteristic  group,^-^ 
gi,es  on  abating,  cocaine  which  contains  the  radical,^—*,- 
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The  former  is  mildly  anaesthetic  as  well  as  irritant,  the  latter,  co- 
caine, has  powerfully  active  anesthetic  properties,  and  is  non- irri- 
tant. 

The  phenomenon  of  anesthesia  has  received  many  explanations. 
2 

Moore  and  Koaf    have  shown  that  some  anesthetics  combine  with  proto- 
plasm forming  unstable  compounds,  and  they  assume  this  to  he  the 
cause  of  intoxication.    Kochmann3  has  suggested  that  the  solubility 
of  the  substance  in  fat  makes  possible  its  entrance  into  the  cell 
proper.    Loew4  assumes  a  direct  chemical  union  of  protoplasm  with  the 
poison,  the-Ak.jH    and  yC=o     groups  being  effective.     Some  compounds 
act  through  secondary  products  formed  from  them  in  the  organism. 

This  paper  deals  only  with  that  phase  of  "Physiological  Action 
and  Chemical  Constitution"  known  as  synthetic  anesthetics.    Such  com- 
pounds fall  into  two  classes,  inorganic  and  organic  compounds.  The 
latter  may  be  further  subdivided  into  aliphatics  and  aromatics.  The 
author  has  limited  himself  to  a  sketch  of  some  of  the  more  important 
work  which  has  been  done  on  the  subject,  as  obtained  from  the  litera- 
ture, together  v/ith  an  outline  of  experimental  attempts  to  produce 
synthetic  products  having  anesthetic  properties  approaching  or  exceed- 
ing those  of  the  naturally  oc curing  vegatable  alkaloids  which  they  re 
semble,  and  possessing  a  minimum  of  toxicity. 


=  —  :  =   (4) 

PART  I  -  Pl^PA^TION  CP  All  3S  THESIS. 
1.  Historical  and  Theoretical. 

It  has  "been  known  for  some  time  that  amino,  hydroxy,  and  carboxy; 
groups  are  particularly  strong  in  their  physiological  action,  so 
strong  in  fact,  that  it  is  often  necessary  to  introduce  other  groups 
to  weaken  the  effect,  in  order  to  make  such  compounds  suitable  for 
therapeutic  use.    Alkyls  combined  to  certain  groups  such  as  amines, 

are  sleep  -producing;  combined  to  a  ring  by  means  of  -0-,  such  as 

J)  ^0 
-0-CH3  and  -C-O-CHg,  act  as  closures  for  -C — OH  and  -OH  groups,  fre- 
quently softening  an  otherwise  violent  action.     Occasionally  alkylat- 
ing an  hydroxy 1  group  strengthens  an  effect.     This  is  explained  by  a 
change  in  the  distribution  coefficient,  which  is  the  relative  ease  I 
with  which  a  substance  is  taken  up  by  the  tissue  cells.     Ethyl  and 
propyl  groups  are  considered  the  strongest  of  all  of  the  alkyls  in 
their  physiological  effect. 

A  typical  alkaloid  used  to  produce  local  anesthesia  is  cocaine, 
obtained  from  the  leaves  of  the  coc<Ja  plant.    Cocaine  produces  a  char- 
acteristic effect  upon  the  central  nervous  system,  an  excitation  fol- 
lowed by  a  paralysis  of  the  peripheral  nerve  endings.    Cocaine  has 
many  objectionable  properties,  its  high  toxicity  and  the  side  reac- 
tions which  take  place  when  it  is  injected  into  the  organism.  It 
would  be  decidedly  worth  while  then,  if  it  were  possible,  to  produce 
a  compound  which  possesses  the  valuable  properties  of,  and  lacks  the 
objection  to  the  use  of  cocaine.    A  knowledge  of  the  structural  form- 
ula of  cocaine  has  made  possible  such  experimental    work.     The  struc- 
ture of  cocaine  has  been  proven  to  be: 

CH2  CH  CH  C^—  <5-CH5  (J) 

I 

C  Hz  -CH  CH2 


It  has  been  found  that  if  the  entire  -G  -O-CH    group  at  (1)  he 
replaced  by  hydrogen,  the  product  is  powerfully  anesthetic  but  far 
less  toxic.    Elimination  of  the  group  (2)  results  in  a  more  toxic  pro. 
duct  with  only  mild  anesthetic  properties.    Elimination  of  the  methyl 
group  on  the  nitrogen  causes  a  greater  resulting  toxicity,  so  that  an 
ethyl  group  replacing  the  methyl  might  be  even  more  advantageous.  The 
ring  system  of  cocaine  was  also  found  unnecessary  in  producing  a 
strong  anesthetic  effect.     The  following  data  made  it  possible  for 
Thorp  and  Wildman      to  predict  the  structure  of  a  desirable  compound, 
producing  an  anesthetic  action  and  possessing  the  desirable  features 
of  cocaine,  the  undesirable  ones  being  eliminated.    Their  result  was 


the  following: 


where  R]_  and  Rg  may  be  hydrogen  and  R  preferably  the  ethyl  radical. 

AO 

novocains     ,  a  cocaine  substitute  patented  by  the  Fabrwerke 
Mesiter,  Lucius,  und  Bruening  corresponds  to  this  formula,  being 

-diethyl  amino  ethyl    -p-amino  benzoate.     This  compound  has  been 
prepared  by  treating  p-nitrobenzoyl  chloride  with  ethylene  chlorhy- 
drin,  then  diethyl  amine  and  subsequently  reducing  the  nitro  group 
with  tin  and  hydrochloric  acid.     The  free  base  melts  at  58°- 60°  C 
when  anhydrous,  the  hydrochloride  at  156°  C.     It  is  injected  subcu- 
taneously  as  a  solution  of  the  hydrochloride  in  water  to  produce  loc- 
al anesthesia.     Its  short  duration  of  anesthesia  may  be  prolonged  by 
the  simultaneous  injection  of  epinephrine.     It  is  non-irritant  and 
from  1/4  to  1/7  as  toxic  as  cocaine.    Bovocaine  lacks  that  character- 
istic of  cocaine  which  causes  contraction  of  the  blood  vessels, 
novocains  may  be  considered  the  diethyl  amino  derivative  of  anesthes- 
ia which  is  p-amino  ethyl  benzoate,  the  simplest  compound  of  this 


type  having  anesthetic  properties. 

Anesthesin  may  "be  prepared  by  the  following  series  of  reactions: 

The  methods  used  in  oxidizing  p-nitro  toluene  have  been  many  and  var- 
ied.  ?ischer  used  cone.  HNOg  .  Geitner  used  10  gms.  p-nitro  tolu- 
ene, 40  gms.  KgCrgOy,  55  gms.  HgSO^.  and  110  c.c.  HgO,  refluxing  until 
green,  steam  distilling  off  the  unchanged  nitro  toluene,  treating  the 
remaining  crystals  with  sodium  hydroxide  solution,  filtering,  and 
acidifying  the  filtrate.  Schlosser  and  Skraup7  refluxed  for  18  hours 
a  mixture  of  50  gms.  p-nitro  toluene,  250  gms.  chromic  acid,  110  gms. 

Q 

HgS04,  and  450  gms.  HgO.    Michael  and  Norton    used  one  mol  p-nitro 
toluene  and  a  solution  of  2  1/2  mols  of  KfcanO^.,  (l  part  permanganate 
to  40  parts  HgO).    A  rather  novel  method  was  introduced  and  patented 
by  Boehringen  and  Sb*hne  .  The  method  is  an  electrolytic  one,  employ- 
ing a  diaphragm  cell  in  which  the  anode  and  cathode  are  separated. 
The  anode  liquid  consists  of  a  mixture  of  7.5  parts  p-nitro toluol 
in  40  gms.  glacial  acetic  acid,  20  parts  cone.  HgSO^,  20  parts  HgO, 
and  0.1  part  MnSO^.,  made  up  to  one  liter.    The  anode  is  a  positive  ac- 
cumulator plate,  the  cathode  a  lead  plate "immersed  in  a  cathode  liq- 
uid consisting  of  1.5  Sp.  Gr.  H2SO4.    A  current  density  of  175  amperes 
per  square  meter  is  employed,  the  temperature  being  maintained  at  80° 
C.     The  anode  liquid  is  cooled  and  the  nitro  benzoic  acid  purified. 
All  authorities  agree  that  para  nitro  benzoic  acid  melts  at  238°  C. 

The  p-nitro  benzoic  ethyl  ester  is  prepared  according  to  StaedeS 
by  heating  the  powdered  acid  v/ith  a  small  quantity  of  absolute  alco- 
hol and  a  considerable  quantity  of  cone.  H2SO4  for  a  few  minutes,  or 
until  the  acid  disappears.    A  bright  yellow  oil  separates  on  the  ad- 


CA  r]  C/ 

dition  of  water  which-  soon  cyrstallizes.     This  product  melts  after 
recrystallization  from  ether  at  57.5°  C.     Willebrand  and  Beilstein11 
state  that  the  ester  melts  at  57°  recrystallized  from  ether,  Arz- 
runi"1"^  also  gives  the  melting  point  as  57°  and  describes  the  crystals 
as  being  small,  yellow,  bright  needles,  having  shining  surfaces,  and 
belonging  to  the  triclinic  system. 

By  reduction  of  the  p-nitro  benzoic  ethyl  ester,  the  amino  de- 
rivative is  obtained.    iimprieht*®  used  ammonium  sulfide  as  a  reduc- 
ing agent.    He  gives  the  melting  point  of  anesthesin  as  89°.  There 
are  many  references  in  the  literature  to  the  preparation  of  the  ester 
by  means  of  p-amino  benzoic  acid.    Para  amino  ethyl  benzoate  is  sold 
under  the  trade  name  of  "anesthesin".     It  is  used  as  a  suspension  in 
olive  oil  for  hypodermic  injection.     The  hydrochloride  is  impractic- 
able for  anesth^La  because  of  its  acid  reaction.    The  free  base  is  us- 
ed as  a  powder  in  reducing  pain  in  the  case  of  burns,  wounds,  etc.  It 
has  a  prolonged  effect.    A  process  has  been  patented  by  the  FarbEv/erk  » 
Meister,  Lucius  and  Bruening1^    by  which  the  o-  and  p-  phenol  sulfon- 
ic acid  salts  of  anesthesin  are  formed.     These  are  desirable  because 

the  ir 

of  the  practically  neutral  reaction  of/  solutions . 

As  has  been  stated,  novocaine  is  the  diethyl  amino  derivative  oi 
anesthin.    According  to  Richardson's  lav/,  the  longer  the  straight 
chain,  the  greater  the  hypnotic  effect.    This  fact,  together  with 
the  prediction  of  Thorp    and  Wildman  of  a  desirable  anesthetic , would 
make  it  seem  logical  that  a  compound  analogous  to  novocaine  having 
an  additional  -GHg  group  in  the  side  chain  might  be  superior  to  novo- 
caine in  its  anesthetic  action.     It  v/ould  more  nearly  approach  the 
cocaine  molecule,  and  should  lack  the  toxic  effects  of  cocaine.  Stiel 
a  compound  would  have  the  structural  formula:    ^  ^ 


(8) 

An  arrangement  such    as  the  following  indicates  the  close  rela- 
tionship between  such  a  compound  and  cocaine. 

Cocaine. 


Proposed  Compound. 
<pHz  /A  O  Hi_ — D_  Q,CV  VM^h 

I  — 

Thorp  and  Wildman  have  taken  out  four  patents  on  similar  compounds1*5 
'They  have  patented  compounds  of  the  general  type: 

where  R  is  an  aryl  radical.     They  have  prepared  the  benzoyl  and  cin- 
namoyl  derivatives  obtained  by  treating  the  dialkyl  amino  alcohol 
with  the  aromatic  acid  chloride  in  a  benzene,  acetone  or  ethereal 
solution.    As  far  as  can  be  ascertained  Thorp  and  V/ildman  have  not 
prepared  the  compound  illustrated  above,  probably  because  it  is  al- 
ready covered  by  the  patents  on  novocains. 

A  patent  has  been  taken  out  by  the  Farbwerke  Meister,  Luciue 
16 

und  Bruening      for  the  preparation  of  novocains  by  the  refluxing  for 
IE  hours  one  part  para  amino  methyl  benzoate  and  three  parts  diethyl 
amino  ethanol,  distilling  off  the  unchanged  product  in  a  vacuum. 
Reasoning  by  analogy  it  was  thought  possible  to  prepare  the  diethyl 
amino  propyl  ester  of  p-amino  benzoic  acid  using  anesthesin,  accord- 
ing to  the  reaction:   ,  Q  a 


■  -  m-<T>c-o_  C  Hj—  c  H„-  C  »x-  M<5*  jj»    +  Cx%  0  H  . 


(9) 

Following  is  a  sketch  of  experimental  attempts  to  produce  anes- 
thesin,  and  the  diethyl  amino  propyl  ester  of  anesthesin. 

2.  Experimental. 

(a)  Para-nitrobenzoic  Acid, 

A  mixture  of  40  gms.  p-nitro  toluene,  120  gms.  sodium  dichromate, 
322  gms.  (175  c.c.)  cone.  HgSO^,  and  440  c.c.  of  water  was  re fluxed 
for  7  1/2  hours  and  the  mixture  steam  distilled  to  remove  unchanged 
nitro  toluene.     3.5  gms.  nitro  toluene  were  recovered.    After  cooling, 
the  product  was  filtered  and  the  crude  acid  boiled  up  with  500  c.c. 
of  5%  UaOH ,  filtered,  and  the  filtrate  acidified  with  500  c.c.  5$  HOI. 
The  purified  acid  v/as  filtered  off  and  dried.    Yield-  45.6  gms.  The- 
ory yield-  48.7  gms.    Percentage  yield-  93.67$.     It  melted  at  235°-7° 
(uncorrected).    A  run  was  made  using  only  220  gms.  HgSO^.     This  was 
refluxed  for  18  hours.     On  steam  distilling,  23.4  gms.  of  nitro  tol- 
uene were  recovered.    Many  runs  were  made  using  the  first  proportions, 
the  yields  running  between  80$  and  94fo. 

It  was  found  by  varying  the  proportions  of  sulfuric  acid,  water 
and  nitrotoluene  that  by  using  150  gms.  nitro  toluene,  400  gms.  Hag  - 

CrgOy,  825  cc.  of  water  (in  a  5  liter  flask),  and  adding  through  the 
top  of  the  reflux  condenser  400  gms.  cone.  HgSO^,  that  upon  shaking 
the  mixture,  the  reaction  developed  sufficient  heat  to  cause  it  to  go 
practically  to  completion.     In  some  cases  the  reaction  became  quite 
violent.    Hefluxing  for  one  hour  made  certain  the  completion  of  the 
reaction.    Several  runs  were  made  using  from  150  to  300  gms.  of  nitro 
toluene.     In  all,  three  or  four  pounds  of  para  nitro  benzoic  acid 

were  obtained. 

(b)  Para-nitro  Benzoic  Sthyl  S3ter. 

A  mixture  of  45.6  gms.  p-nitro  benzoic  acid,  124  gms.  95%  alcohol 


(10) 

and  56  gms.  cone.  H£S°4  was  refluxed  for  3  hours,  and  after  cooling  tc 
50°  was  poured  into  v/ater.    The  solid  ester  was  filtered  Off  and 
dried.    This  crude  product  weighed  49.8  gms.     It  was  shaken  with  500 
c.c.  2$  JUaOH,  filtered,  and  washed  with  2fo  HaOH,  followed  by  washings 
with  water.     The  product  v/as  dried  and  found  to  weigh  38.6  gms.  The- 
ory yield-  52  gms.     Percentage  yield  -  74$.    The  filtrate  was  acidi- 
fied and  six  grams  of  unchanged  acid  recovered.    The  ester  melted  at 
56°  -  57.5°.     It  should  melt  at  57°-57.5°. 
(c)  Para-amino  Benzoic  flthyl  Ester. 

A  trial  reduction  of  para  nitro  ethyl  benzoate  was  made,  by  heat-J 
ing  a  mixture  of  10  gms.  of  nitro  compound,  14  gms.  of  powd.  iron, 
0.64  c.c.  cone.  HC1,  and  a  small  amount  of  water  for  four  hours.  The 
HC1  was  added  to  the  iron,  and  the  nitro  compound  added  to  this  mix- 
ture v/ith  constant  stirring.    Water  was  then  added.    After  the  heat- 
ing had  been  completed,  alcohol  was  added  and  the  iron  filtered  off 
and  washed  with  hot  alcohol.     The  filtrate  was  poured  into  a  mixture 
of  100  c.c.  of  water  and  10  c.c.  of  cone.  HC1,  and  the  solution  con- 
taining the  amino  compound  filtered  off.    KaOH  solution  was  added  to 
the  filtrate  to  alkaline  reaction,  and  the  resulting  product  filtered 
off,  washed  v/ith  water,  and  dried.    The  yield  of  para  amino  ethyl  ben- 
zoate v/as  6.1  gms.,  which  is  a  percentage  yield  of  72?».     Z.Z  gms.  of 
nitro  compound  were  recovered.     The  product  melted  at  88.5°  -89.5°. 
The  melting  point  is  given  in  the  literature  as  89°  and  89°-90°  by 
different  authorities.    About  one-half  of  the  product  v/as  recrystal- 
lized  from  hot  alcohol  using  bone  black  to  decolorize.    The  result 

v/as  a  yield  of  cream-yellow  needles.    Large  amounts  of  anesthesin 
were  produced  by  this  method.    Seventy  to  seventy-five  per  cent  yield  I 
were  obtained.    This  product  contained  large  amounts  of  iron  which 


(11) 

were  very  difficult  to  remove  completely,  often  requiring  several  fil- 
iations in  recrystallizing.    3ecrystallization  was  carried  out  using 
successively  alcohol,  ether,  ligroin,  and  benzene.     Ligroin  seems  to 
be  the  best  solvent.    Different  portions  of  anesthesin  melted  between 
89°  and  90°. 

A  reduction  was  made  using'  tin  and  hydrochloric  acid.     The  pro- 
duct was  very  difficult  to  purify,  so  that  this  method  was  abandoned 
as  impracticable.     5  gms.  p-nitro  ethyl  benzoate  were  dissolved  in 
about  100  c.c.  absolute  alcohol  and  ammonia  gas  passed  in  to  satura- 
tion.    Following  this  hydrogen  sulfide  was  passed  to  saturation,  the 
solution  filtered,  and  evaporated  to  dryness.    The  residue  was  dis- 
solved in  hot  alcohol,  filtered,  and  allowed  to  crystallize.  Bright 
cream-yellow  needles  were  formed.     These  melted  at  87°-88.5°  and 
probably  were  not  as  pure  as  those  obtained  by  reduction  with  iron. 

(d)  Reaction  between  Anesthesin  and  2^ -Diethyl  Amino  Propanol. 

A  mixture  of  10.3  gms.  of  anesthesin  was  refluxed  with  quadrimol- 
al  proportions  (32.7  gms)  of  diethyl  amino  propanol  for  four  hours. 
The  mixture  was  distilled  under  diminished  pressure  from  an  oil  bath 
to  remove  excess  amino  alcohol.    The  temperature  of  the  bath  v/as 
raised  to  170°  G.    The  product  distilled  over  between  100°  and  114°, 
the  pressure  varying  considerably.    The  bulb  was  cooled  and  the  solid 
mass  extracted  with  ether.     To  the  ethereal  solution  in  a  separatory 
funnel  were  added  100  c.c.  dilute  acetic  acid  (Q%).     The  acetic  acid 
extract  was  evaporated  on  a  steam  bath  to  remove  ether.    The  ether 
extract  v/as  reddish  brown.    The  acetic  acid  extract  was  made  alkaline 
and  practically  no  precipitate  was  obtained,  indicating  that  no  basic 
substance  v/as  present.     The  ether  extract  was  evaporated  to  dryness 
on  a  steam  bath.    The  residue  melted  at  87°  so  was  probably  anesthe- 
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sin  with  some  anesthesin  acetate  as  an  impurity. 
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PART  II.    *-BROM  PROPYL-"*  -P-NITRO  BSNZOATB. 
1.  Historical. 


The  methods  for  making  brom-  or  chlor-propyl  esters  of  aromatic 
acids  are  of  several  types. 

U         +  — *  I  j  +^5°H. 


The  first  method  is  covered  by  a  patent  taken  out  by  the  Farbwerke 

Meister,  Lucius  und  Bruening  as  has  already  been  stated.     The  second 

is  covered  by  patent  Wo.  172,568  taken  out  by  the  same  company.  E. 
17 

Merck  has  taken  out  a  patent  for  making  novocaine  employing  the  fol- 
lowing reaction: 

L  process18  covering  the  reaction: 

Al«-o-C*-ie.  -t  X-(ci\)—  X— »  ^-c-c-(c«OirX    -i-  ^  Y . 

has  been  patented  in  Germany.    In  a  description  of  the  method,  it  is 
stated  that  200  parts  trir.ethylene  bromide  were  heated  at  180°  for 
three  hours  with  50  parts  sodium  benzoate,  after  which  the  mixture 
was  poured  into  v/ater,  and  the  oil  separating  out  taken  up  in  ether. 
The  ether  extract  was  shaken  with  caustic  soda  to  remove  the  free  ac- 
id and  the  unchanged  sodium  salt.     The  oil  remaining  after  evapora- 
tion of  the  ether  was  dried  over  anhydrous  sodium  sulfate  and  fract- 
ionated under  diminished  pressure.    As  a  side  reaction,  there  is  some 
formation  of  the  1,3  dibenzoate  of  propane,  Qe-0-<U*t-c ~0~C~Q 
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This  product  has  also  "been  prepared  by  heating  one  molecule  of  tri- 

19 

methylene  glycol  with  two  molecules  of  benzoyl  chloride.  Heboul 

gives  the  melting  point  of  this  compound  as  53°.     It  is  reported  by 

20 

the  University  of  Berlin  laboratories      as  57.5°.     The  chlor  propyl 
and  brompropyl  esters  of  p-nitrobenzoic  acid,  however,  are  not  de- 
scribed in  the  literature. 
21 

Preund      lias  described  the  preparation  of  trimethylene  chloride. 
Trimethylene  glycol  is  saturated  with  hydrochloric  acid  gas,  mixed 
with  two  molecules  of  concentrated  hydrochloric  acid,     and  heated  in 
a  sealed  tube  for  several  hours.    By  shaking  the  mixture  with  cone. 
HC1,  it  is  freed  from  unchanged  glycol  and  glycol  chlorhydrin.  Fol- 
lowing this,  the  mixture  is  washed  with  water,  dried,  and  distilled. 
Trimethylene  chloride  is  a  mobile,  colorless  liquid,  possessing  an 
ethereal  odor.     It  boils  at  119.5°  C  under  740  mm.  pressure,  and  has 

a  specific  gravity  of  1.1896  at  17.6°,  compared  with  water  at  4°. 
22 

Reb©ul      prepared  trimethylene  chloride  by  refluxing  the  normal 

bromide  with  mercuric  chloride  for  ten  to  twelve  hours ^  as  well  as 

heating  the  mixture  in  a  sealed  tube  at  160°  for  five  hours.    He  also 

o 

describes  its  preparation  by  refluxing  for  18  hours  at  100  ,  allyl 
chloride  with  a  very  concentrated  solution  of  HC1.     The  darkly  color- 
ed layer  is  separated,  washed,  dried,  and  distilled  at  100°.    A  small 
amount  of  trimethylene  chloride  was  obtained,  the  product  being  large- 
ly allyl  chloride  and  1,2-dichlor  propane. 

Berend23  prepared  trimethylene  glycol  mono chlorhydrin  by  passing 
dry  HC1  into  tri -ethylene  glycol,  and  reported  a  sixty  percent  yield. 

Geromont24  prepared  trimethylene  bromide  by  heating  allyl  brom- 
ide with  strong  hydrobromic  acid  in  a  sealed  tube  at  100°.    He  re- 
ports a  boiling  point  of  160°-163°  and  a  specific  gravity  of  2.0177 


i 
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at  0°  C. 

Freund2*5  passed  dry  HBr  into  dry  glycol,  and  then  heated  the  mix- 
ture with  hylrobromic  acid  in  a  sealed  tube.     The  trimethylene  brom- 
ide which  he  prepared  boiled  at  164.5°  -165.5°  at  731  mm.,  and  had  a 

specific  gravity  of  1.9228  at  17.6°  ,  compared  with  water  at  4°. 
2  6 

Erlenmeyer      prepared  trimethylene  bromide  by  passing  dry  HBr 
into  dry  allyl  bromide  to  saturation,  at  16°-19°,  allowing  the  mix- 
ture to  stand  in  the  dark  at  35°-40°,  and  repeating  the  passage  of 
HBr  until  no  more  was  absorbed.    Roth2?  claims  that  dry  allyl  brom- 
ide and  dry  hydrobromic  acid  do  not  react.     Sustavson2®  gives  the 
boiling  point  of  trir.ethylene  bromide  as  165.25°  at  755  mm.,  and  the 
density  as  2.017  at  0°  ,  or  1.987  at  17.5°  compared  with  water  at  0°. 

2.  Theoretical. 

As  an  intermediary  product  for  the  preparation  of  <=\  -diethyl 
amino  propyl -/-para-amino  benzoate,  which  should  possess  active 
physiological  properties,  the    if  -brom  propyl  para-nitro  benzoate  is 
of  great  importance.     By  treatment  of  this  product  with  diethyl  amine 
with  subsequent  reduction  of  the  nitro  group,  the  compound  corre- 
sponding to  novocaine  should  be  obtained.    For  this  purpose,  it  is 
to  be  expected  that  sodium  para-nitro  benzoate  will  react  with  tri- 
methylene bromide,  splitting  out  sodium  bromide.     It  was  assumed  that 
a  large  excess  of  the  trimethylene  bromide  would  be  necessary  to 
prevent  the  formation  of  the  dibenzoate.     It  should  also  be  possible 
to  use  trimethylene  chloride  in  ft  similar  manner,  obtaining  chlor- 
propyl  para-nitro-benzoate . 

As  side-products  in  the  preparation  of  trimethylene  bromide  and 
chloride,  the  corresponding  brom  hydrin  and  chlorhydrin  would  be  ob- 
tained.    Trimethylene  bromhydrin  boils  with  decomposition  at  98°-112< 


at  185  ram.  Trimethylene  chlorhydrin  boils  at  160°-162°.     The  trims thy 
ene  glycol  from  which  it  was  intended  to  prepare  the  bromides  and 
chlorides,  is  a  cheap  product  obtained  in  the  soap  industry  as  a  re- 
duction product  of  glycerol.     It  boils  at  216°  and  has  a  specific 
gravity  of  1.053  at  19°. 

3.  Experimental. 

(a)  Sodium  p-nitro  Benzoate. 

Bqui  mola\  proportions  of  sodium  hydroxide  and  para  nitro  benzo- 
ic acid  must  be  used  in  the  preparation  of  sodium  para-nitrobenzoate , 
because  of  the  fact  that  an  excess  alkali    v/ill  give  a  product  having 
an  alkaline  reaction.     One  hundred  grams  of  para-nitrobenzoic  acid 
were  placed  in  a  casserole,  and  a  concentrated  solution  of  24.2  gms. 
of  sodium  hydroxide  added  cautiously  with  stirring  and  warming  until 
a  neutral  point  was  reached.     The  solution  itself  acted  as  a  good  in- 
dicator, a  straw-colored  solution  being  neutral,  a  dark  red-brown 
solution  being  alkaline.    When  all  of  the  acid  had  dissolved,  the 
solution  was  evaporated  to  dryness,  the  resultant  product  being  the 
sodium  salt.    This  was  powdered  and  dried,  the  product  being  very 
slightly  cream  colored  but  almost  white. 

(b)  Trimethylene  Bromide. 

76  gms.   (1  mol)  of  trimethylene  glycol,  and  50  c.c.  of  water 
were  placed  in  a  flask,  and  196  gms.  (=110  c.c.  =  2  mo  Is )  of  cone. 
HgSO^  were  added  gradually  with  mixing  and  cooling.     206  gms.  (2  mols 
of  sodium  bromide  v/ere  then  added,  and  the  mixture  distilled  with  a 
large  flame.     The  theoretical  yield  of  dibromide  is  202  gms.  The 
distillate  was  shaken  once  with  water,  the  layers  separated,  and  the 
heavier  layer  treated  with  one-half  its  volume  of  cold  cone.  HgSO^ 
to  remove  the  bromhydrin.     The  lower  layer  was  separated,  washed  witt 
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water,  and  then  a  little  UagCOg  solution,  dried  over  calcium  chloride 

and  fractionated.     The  fraction  coiling  between  161°-175°  was  refrac- 

o  o 

tionated,  the  resultant  product  "boiling  between  164    and  166  .  'This 
product  was  found  to  contain  H3r  so  it  was  repurified  "by  washing 
twice  with  water,  the  heavy  layer  "being  shaken  up  with  stick  sodium 
hydroxide  to  remove  the  hydrobromic  acid,  washed  with  water  again, 
dried  over  CaCl^  and  refractionated .     In  all,  380  gms.  of  trimethyl- 
ene  glycol  were  converted  to  trimethylene  bromide  by  this  method. 
Poor  yields  were  obtained,  the  product  could  not  be  freed  entirely 
from  hydrobromic  acid,  and  the  boiling  point  of  the  product  was  low. 
Besides  this,  the  product  turned  yellowish  shortly  after  it  had  been 
prepared. 

To  300  gms.  (4  mols)  of  trimethylene  glycol  and  1400  gms. (8. 3 
mols)  of  48$  HBr,  were  added  300  gms.   (3  mols)  of  cone.  HgSO^.The  mix 
ture  was  distilled  in  a  3  liter  flask,  and  the  distillate  fractionat- 
ed.    The  fraction  above  157°  weighed  about  390  gms.  The  theory  yield 
is  about  800  gms.  The  next  run  was  made  using  the  same  amounts  of  gly 
col  and  HBr,  but  500  gms.  of  H2SO4  (5+  mols).  707  gms.  of  crude  tri- 
methylene bromide  v/ere  obtained.  After  shaking  three  times  with  water 
most  of  the  odor  of  HBr  had  been  removed,  and  the  product  now  weighed 
680  grams.    About  six  runs  v/ere  made  using  300  gms.  of  trimethylene 
glycol  each  time.     The  purification  was  the  same  as  for  that  prepar- 
ed using  sodium  bromide  instead  of  HBr.     2972  gms.  of  bromide  were 
obtained.    Theoretically,  the  yield  should  have  been    3985  gms.  The 
percentage  yield  obtained  was  74.6ft.     The  boiling  point  of  the  pro- 
duct was  between  160°  and  164°  at  about  730  mm.     The  product  was  a 
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very  heavy,  mobile,  colorless  liquid,  with  a  characteristic  odor 
somewhat  similar  to  that  of  ethylene  bromide.    This  method  seems  to 
he  superior  to  the  method  using  sodium  "bromide  because  of  the  ease 
with  which  the  product  is  purified,  and  its  subsequent  purity. 
(c)  Trimethylene  Chloride. 

2/3  of  a  mol  of  PGI3  react* with  1  mol  of  trimethylene  glycol  to 
give  trimethylene  chloride.     65  gms.  of  PCI3  (5.6  gms.  in  excess  of 
theory),  were  refluxed  for  one  hour  with  50  gms.  of  the  glycol, and 
the  resulting  mixture  poured  into  water  to  decompose  the  unchanged 
PCI,,.     The  oil  separating  out  was  dried  over  CaClp  and  distilled. The 
fraction  between  115°  and  130°  which  should  contain  all  of  the  di- 
chloride  was  very  small  (about  12  gins.).     The  theoretical  yield  is 
74.4  gms.,  so  that  this  method  was  abandoned  as  unsatisfactory. 

To  456  gms.  (6  mols)  of  trimethylene  glycol,  294  gms.   (3  mols) 
of  cone.  HgSO^v/ere  added  in  an  Erlenmeyer  flask.  The  flask  was  cooled 
and  weighed.    Dry  HC1  gas,  dried  by  passing  thru  HgSO^,  was  to  have 
been  passed  to  saturation,  or  until  there  should  have  been  an  in- 
crease in  weight  of  400  gms.     The  results  were  unsatisfactory,  as  the 
total  increase  in  v/eight  was  little  more  than  30  grams.  Apparently 
the  presence  of  sulfuric  acid  prevented  absorption  of  hydrochloric 
acid. 

Dry  HG1  gas  was  passed  into  100  gms.  of  the  glycol  for  4  hours, 
without  using  H2SO4  to  remove  the  water  formed.    Only  two  or  three 
cubic  centimeters  of  dichloride  were  obtained  upon  fractionation  of 
the  mixture. 

Next,  it  was  attempted  to  cause  more  complete  reaction  by  pass- 
ing dry  HG1  until  there  was  no  further  increase  in  weight,  refluxing, 
cooling,  and  repeating  the  process  until  no  more  hydrochloric  acid 
might  be  absorbed.     Into  215  gms.  of  glycol  in  a  flask  was  passed 
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dry  hydrochloric  acid  gas  until  there  v/as  no  further  increase  in 
weight,  (31  gms.  were  absorbed).     The  mixture  v/as  then  refluxed  for 
an  hour,  cooled,  HG1  passed  again  (25    gram  increase),  and  the  mix- 
ture then  refluxed  again,  this  tirae  for  1  l/2  hours.     The  process  was 
repeated,  the  final  total  increase  being  98  grams.     Each  time  when 
refluxed,  hydrochloric  acid  gas  was  given  off  for  a  short  while.  Fin- 
ally the  mixture  v/as  cooled.     There  was  no  odor  of  HCl,  but  an  ether- 
eal odor,  very  much  like  that  of  ethylene  bromide,  fractionation 
showed  that  the  chlorhydrin  had  been  formed  to  a  far  greater  extent 
than  the  dichloride.    The  dichloride  fraction  was  washed  v/ith  water, 
dried  and  distilled.     Only  very  small  amounts  of  tri methylene  chlor- 
ide were  obtained  from  these  experiments.     The  methods  tried  seemed 
to  be  unsatisfactory  on  the  whole,  so  that  it  v/as  decided  to  use  tri- 
methylene  bromide,  which  is  more  easily  prepared,  in  the  preparation 
of  the  halide  propyl  esters  of  para  nitro  benzoic  acid. 
(d)*C-Brom  Propyl  -  /-p-nitro  Benzoate. 

130  gms.   (0.64  mols)  of  trimethylene  bromide  were  refluxed  for 
17  hours  with  20  grams  (0.1  mol)  of  sodium  para-nitro  benzoate.  The 
theoretical  yield  of  bromester  should  be  30.4  gms.     The  mixture  was 
steam  distilled  to  remove  the  unchanged  trimethylene  bromide,  the 
residue  made  slightly  alkaline  and  extracted  with  ether.     The  ether 
was  filtered,  the  residue  washed  with  more  ether,  and  evaporated  to 
dryness  in  a  weighed  dish.     The  residue  weighed  8  grams,  being  a  26$ 
yield.     This  product  v/as  lost,  so  that  nothing  further  could  be  done 
with  it.     The  water  layer  v/as  filtered  and  a  brown  residue  supposed 
to  be  the  1,3  di-para-nitro  benzoate  of  propane  was  obtained.     It  was 
found  to  be  insoluble  in  alcohol  and  ligroin. 

Similar  proportions  of  trimethylene  bromide  and  of  the  sodium 
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salt  were  used,  adding  0.5  gms.  of  copper  "bronze  as  a  catalyst,  the 
mixture  "being  refluxed  for  19  hours.     Twelve  grams  of  product  were  ob- 
tained representing  a  39.5>o  yield.     One  difficulty  v/as  experienced 
here.     The  ether  extract  which  contained  the  brompropyl  para-nitro 
benzoate  was  not  washed  free  from  alkali,  so  that  when  evaporated, 
most  of  the  ester  was  hydrolyzed  to  trimethylene  bromhydrin  and  sod- 
ium para  nitro  benzoate.     This  was  proven  by  the  fact  that  a  part  of 
the  residue  supposed  to  be  brompropyl  para  nitro  benzoate  when  heated 
on  the  steam  bath  with  water  practically  all  dissolved,  the  brora  com- 
pounds volatilizing  by  evaporation. 

Similar  proportions  of  reacting  substances  were  again  refluxed 
with  an  air  condenser  for  seven  and  one  quarter  hours,  using  1  c.c. 
of  diethylamine  as  a  catalyst.    At  the  end  of  this  time  no  sodium 
salt  floated  on  top  of  the  liquid.    A  dark:  brown  liquid  having  a 
heavy  sediment  of  sodium  bromide  was  the  result.     This  indicated  that 
the  reaction  had  gone  to  completion.    After  purification,  14  grams  of 
brompropyl  para  nitro  benzoate  were  obtained.     This  was  a  thick, light 
brown  oil  which  when  cooled  to  -  15°C  crystallized  to  a  very  light 
brown  solid.    This  was  allowed  to  assume  room  temperature.     It  soften] 
ed  at  first,  but  seemed  to  set  by  loss  of  moisture  to  a  crystalline 
solid,  which  was  dried  on  a  clay  plate  and  recrystallized  from  alco- 
hol, the  alcohol  being  cooled  to  -10°  C.     The  crystals  v/ere  filtered 
off,  dried,  and  found  to  melt  at  40°-41°  C.     The  recrystallized  sub- 
stance was  almost  pure  white.     This  m9thod  of  preparation  using  di- 
ethylamine as  a  catalyst  seems  to  be  the  best  one  of  those  tried  out. 
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PART  III      AHOi.IAJIC  35Q?&iS  OF    df-PIiS'ldYL  gjgEjjO  PHOPAIIDIOL . 

1.  Historioal. 

Preparation  of  Diethyl  Amine. 

29 

According  to  Kopp     ,  diethyl  amine  is  prepared  "by  the  following 
steps:     500  gms.  of  diethyl  aniline  are  dissolved  in  2  l/2  liters  of 
crude  HC1  and  3  liters  of  water  and  the  solution  cooled  to  0°  C  with 
2  kilos  of  finely  chopped  ice.    A  solution  of  285  gms.  sodium  nitrite 
in  1  liter  of  water  is  then  added  in  a  thin  stream  with  stirring.  The 
nitroso  compound^  separates  out  in  yellow  needles.     Cooling  all  the 
time,  3  liters  of  20^6  KaOH  are  added  with  stirring  until  an  alkaline 
reaction  is  obtained.     The  nitroso  compound  then  separates  as  a  vol- 
uminous green  crystalline  mass,  which  may  be  recrystallized  from  eth- 
er.   165  gms.  of  crude  para  nitroso  diethyl  aniline  hydrochloride  are 
covered  in  a  12  liter  copper  flask  with  a  hot  solution  of  180  gms. 
HaOH  in  7.5  liters  of  water,  and  the  diethyl  amine  and  water  distilled, 
the  distillate  being  collected  in  100  c.c.  of  strong  HOI.     In  2  or  3 
hours  the  diethyl  amine  has  completely  passed  over.     The  flask  is 
then  emptied,  and  a  new  charge  put  in.     The  combined  distillates  are 
evaporated  to  dryness  giving  diethylamide  hydrochloride,  contaminated 
with  a  small  amount  of  nitrosodiethyl  aniline  hydrochloride.    To  com- 
pletely purify  the  product,  it  is  redistilled  from  sodium  hydroxide. 
150  gms.  of  pure  hydrochloride  may  be  obtained  from  500  gms.  of  nitro- 
sodiethyl aniline  hydrochloride.     The  free  amine  boils  at  56°,  having 
a  specific  gravity  of  0.712  at  15°. 

Noyes30  gives  directions  for  preparing  diethyl  amine  from  anilins 

using  ethyl  bromide  t>o  form  the  diethyl  aniline.    He  gives  probable 

yields  as  about  30$.     This  is  a  preparation  on  a  small  scale. 
31 

N orris      used  a  mixture  of  50  gms.  of  diethyl  aniline,  148  gms. 
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HC1  (Sp.Gr.  1.12)  and  75  c.c.  of  HgO  cooled  to  zero  degrees,  adding 

in  a  thin  stream,  a  solution  of  32  gms.  sodium  hydroxide  in  50  o.c. 

of  HgO.     The  nitroso  compound  so  formed,  is  dropped  into  a  "boiling 

solution  of  85  gms.  of  UaOH  in  2  liters  of  water,  giving  a  75%  yield 

of  diethyl  amine. 

Preparation  of  Glycerol  Chlorhydrin. 
32 

Berthelot      saturated  warm  glycerol  with  hydrochloric  acid  gas, 
and  heated  the  mixture  for  36  hours  at  100°.     This  mixture  was  made 
alkaline,  and  the  glycerol  <\  -monoehlorhydrin  extracted  with  ether 
and  fractionated.     It  was  found  to  distil  over  at  227°,  having  a  spe- 
cific gravity  of  1.31. 
33 

Hanriot      saturated  glycerol  with  HC1,  introduced  it  into  a  fLadi 

sealed  the  flask,  and  heated  for  one  hundred  hours  on  a  water  bath. 

He  gives  the  toiling  point  of  the  product  as  139°  at  18  mm. ,  and  its 

o 

density  as  1.338  at  0  G. 
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A  patent  has  been  taken  out      for  preparing  rlycerol  mono- 
chlorhydrin, "by  heating  a  mixture  of  glycerol  and  HC1  (Sp.Gr.  1.185) 
for  15  hours  at  120°  in  an  autoclave. which  develops  a  pressure  of  one 
atmosphere.     75%  of  chlorhydrin  and  25%  of  unchanged  glycerol  are  the 
resulting  products.     The  water  formed  seems  to  inhibit  the  formation 
of  the  dichlorhydrin. 

Another  patent35  similar  to  the  one  mentioned  above  has  been 
granted.     This  uses,  however,  20  gms.  of  glacial  acetic  acid  as  a 
catalyst  per  200  gms.  of  glycerin  and  700  gms.  HC1  (Sp.Gr.  1.19) ,re- 
fluxing  for  12  hours  on  the  water  bath.     178  gms.  of  mono  compound 
boiled  over  between  115  °and  120°  at  10  mm.     There  were  26  gms.  of 
unchanged  glycerol,  the  percentage  yield  of  chlorhydrin  being  about 
78%. 
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33  a  *i 

Hanriot's  method      is  improved  upon  in  a  patent41which  uses  one 

kilo  of  glycerol  and  20  grams  of  glacial  acetic  acid,  the  mixture  be- 
ing heated  to  95°  C,  and  dry  HC1  gas  passed  into  it,  until  there  is 
an  increase  in  weight  of  460  grams  or  an  addition  of  1.15  mols  of 
HG1.     Shis  is  distilled  at  15  -  20  mm. ,  the  monochlorhydrin  coming 
over  at  135°-165°  G.     The  yield  is  840  gms.  or  85%  of  the  theoretical 
The  yield  of  dichlorhydrin  was  43  grams.     This  patent  also  covers  the 
use    of  all  organic  acids  as  catalysts,  the  experiments  "being  dupli- 
cated with  propionic  acid. 

Preparation  of  Diethyl  Propyl  Glycolin. 

Diethyl  propyl  glycolin  or  e^-diethyl  amino  propylene  glycol  has 
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been  prepared  by  Roth      by  heating  equimolal  proportions  of  diethyl 
amine  and  glycerol  mono  chlorhydrin  for  5  to  6  hours  at  100°  in  a 
tube,  adding EDH    to  give  the  free  amine  which  is  extracted  with  eth- 
er, and  fractionated.     It  boils  at  233°-5°. 

Knorr^7  mixed  11  gms.  of  diethyl  amine  with  10  gms.  of  glycid, 
allowing  the  reaction  to  proceed  for  24  hours.    The  reaction  product 
distilled  over  at  206°-210°,  and  300  mm.  pressure,  or  233°-5°  and 
748  mm.     Glycid  has  the  structural  formula: 

and  is  better  known  as    <<  -epichlorhydrin. 

Preparation  of  Aryl  Derivatives  of  Diethyl  Propyl  Glycolin. 

Roth      has  prepared  the  monobenzoate  of  diethyl  propyl  glycolin, 
obtaining  an  oil  which  it  v/as  impossible  to  crystallize.    Ho  crystal- 
line salts  were  formed  with  chloroplatinic ,  aurichlorohydric,  sulfur- 
ic, and  hydrochloric  acids.     Only  the  picrate  was  crystalline.  Its 

poisonous  properties'  exclude  its  possible  use  as  an  anesthetic.  He 
also  prepared  the  dimethyl  propyl  glycolin  derivative  of  benzoic  ac- 
id.   This  possessed  properties  analagoua  to  those  of  the  diethyl  com- 
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pound.  Both  found  that  the  hydroxy 1  of  the  gamma  carbon  atom  was  re 
active,  while  that  of  the  beta  carbon  atom  was  rather  unreactive.  He 
found  it  impossible  to  prepare  the  dibenzoates. 

A.  Sianorn  treated  a  p-nitro  benzoyl  chloride  solution  in  ben- 
zene, with  a  benzene  solution  of  diethyl  propyl  glycolin,  obtaining 
14  gms.  of  a  yellow  oil.  He  used  15  gms.  of  glycolin,  18.9  grns.  of 
acid  chloride,  and  150  gms.  of  benzene,  and  refluxed  for  one  and  one 
half  hours.  He  could  cause  neither  the  hydrochloride  nor  the  free 
amine  to  crystallize.  He  repurified  by  extraction  with  ether  and 
fractionation,  obtaining  a  white  micro-crystalline  hydrochloride  meltjj- 
ing  at  152°  G.  His  ether  extract  upon  diluting,  gave  4.7  gms.  of  di- 
para  nitro  benzoyl  diethyl  amino  propandiol.  Phis  product  is  covered 
by  patents  No.  172,  568  and  Ho.  179,  627  (D.H.P.). 

40 

In  the  German  patent  literature  is  found  a  reference      to  a  com- 
pound prepared  by  treating  para-nitro-cinnamoyl  chloride  with  ^-di- 
ethyl amino  propanol  -1-  in  benzene  solution,  giving  a  compound  hav- 
ing the  formula:  .    .      4°  jJ^CjL'^ 


o'2 a! -^CZy^ ~cti~c- 0-CHz-C  H<.c   u  ■ 


•a.  nS 

•This  on  reduction  yields  the  p-amino  cinnamate,  which  is  a  non-crys- 
talline yellow  oil,  whose  hydrochloride  is  readily  soluble  in  water. 

Ho  more  information  was  obtainable  concerning  this  compound. 
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A.  Binhorn      uses  in  his  reductions  of  nitro  groups  to  amino 
groups,  0.4  mols  of  nitro  compound,  0.75  mols  of  tin,  and  2  mols  of 
HC1  (100$).    He  directs  not  to  allow  the  temperature  to  rise  above 
40°  G.    After  reduction  has  been  completed,  the  tin  is  precipitated 
in  dilute  solution  by  means  of  HgS.    After  filtration,  the  solution 
is  made  alkaline  with  saturated  sodium  carbonate  solution  and  the 
water  decanted  from  the  amino  compound  when  it  has  settled. 
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2.  Theoretical. 

As  has  been  described,  the  benzoic  and  para-nitrobenzoic  esters 
of    ^-diethyl  amino  propandiol  have  been  prepared.     It  was  not  known 
that  the  latter  had  been  prepared,  however,  when    the  experimental 
work  on  this  type  of  compound  was  carried  on.    All  of  the  compounds 
prepared  seemed  to  have  been  oils.     It  was  hoped,  therefore,  that 
by  preparing  esters  of  acids  having  higher  molecular  weights  it  might 
be  possible  to  obtain  a  solid  with  suitable  physiological  properties, 
suitable  also  for  resolution  into  optically  active  forms.     It  has 
been    found  for  example,  in  the  case  of  atropine  ,  a  racemic  com- 
pound, that  resolution  into  optically  active  compounds  yields  two 
forms,  one  dextro-,  the  other  laevo-rotary.    The  former  is  tv/ice  as 
active  physiologically  as  atropine  itself ,  the  latter  from  fifteen  to 
eighteen  times  as  active.    Thus  it  may  be  seen  that  resolution  makes 
possible  the  preparation  of  a  compound  with  greater  possibilities 
for  physiological  action. 

Cinnamic  acid  was  chosen,  then,  as  a  possible  compound  to  ester- 
ify.    It  was  then  intended  to  prepare  the  para  nitrobenzoate ,  to  re- 
duce this  to  the  para  aminobenzoate ,  and  then  prepare  a  para-nitro- 
cinnamate,  reducing  this  also  to  the  para- amino cinnamate.     The  pur- 
pose in  reducing  was  to  possibly  prepare  solid  esters,  at  the  same 
time  obtaining  compounds  which  should  possess  as  low  a  toxicity  as 
possible,    as  it  is  known  that  nitro  groups  are  toxic,  whereas  animo 
groups .besides  being  non- toxic , give  compounds  possessing  anesthetic 
properties  in  many  cases.    Crystalline  esters  were  hoped  for,  be- 
cause of  the  fact  that  resolution  of  non-crystalline  compounds  is 
practically  impossible. 

It  may  be  seen  from  the  general  structural  formula  for  cornpoundE 
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of  this  type,  that  there  is  an  asymetric  carbon  atom,  making  it  pos- 
sible to  obtain  two  optically  active  forms. 

There  follows  a  sketch  of  the  experimental  attempts  to  produce 
compounds  corresponding  to  the  requirements  mentioned  above. 
3 .  Expe  r  imen tal . 


(a)  Diethyl  Amine. 

250  gms.  of  diethyl  aniline  were  dissolved  in  a  mixture  of  1  1/4 
liters  of  crude  HG1  and  11/2  liters  of  water,  and  cooled  to  0°  by 
adding  one  kilo  of  finely  chopped  ice.    A  solution  of  143  gms.  NaiJOg 
in  500  c.c.  of  water  was  added  in  a  thin  stream  with  shaking,  the 
mixture  cooled,  dropped  through  a  funnel  into  warm  50$  sodium  hydrox- 
ide, and  the  diethyl  amine  distilled  into  cone.  HOI.     This  solution 
was  evaporated  to  dryness  giving  only  a  few  grams  of  diethyl  amine 
hydrochloride. 

The  same  proportions  of  reacting  substances  were  again  used  in 
a  second  run;  this  time,  however,  the  p-nitroso  and  diethyl  aniline 
was  dropped  into  boiling  sodium  hydroxide  of  a  strength  of  40$  to  50$ 
The  diethyl  amine  -  HC1  solution  was  evaporated  to  dryness  to  remove 
excess  HC1  and  then  taken  up  in  a  small  amount  of  water,  dropped  in- 
to a  distilling  bulb  containing  200  gms.  of  stick  NaOH,  and  the  free 

diethyl  amine  distilled  off.,   21.5  gms.  of  a  yellow  liquid,  boiling 

were  obtained.    This,  is  a  percentage  yield 
between  50°  and  60° ,/ of  about  18$.     In  all, three  runs  were  made  from 

which  42  grams  of  diethyl  amine,  boiling  at  55°  to  57°  were  obtained. 
The  50°  to  60°  boiling  product  was  redistilled  from  stick  NaOH  to  ob- 
tain the  55°-  57°  boiling  fraction.     The  yields  obtained  were  poor. 
It  appears,  however,  that  dropping  the  nitrosocompound  into  boiling 
alkali,  continuing  the  boiling  for  some  time  after  all  of  the  nitroso 


(27) 

compound  has  been  added,  produces  the  best  results. 
(b)  Glycerol  Ohlorhydrin. 

A  mixture  of  300  gms.  of  glycerol  and  450  gms.  SOI  (Sp.Gr.  1.19) 
was  refluxed  for  15  hours  in  an  oil  bath  kept  at  125°.     The  HC1  de- 
composed and  passed  off  as  a  gas  giving  a  constant  boiling  mixture 
of  20$  acid,  having  a  boiling  point  of  110°  G.     When  the  refluxing 
had  been  completed,  the  excess  HC1  was  distilled  off,  and  the  residu- 
al liquid  fractionated  at  20  mm.    A  small  amount  of  ohlorhydrin  was 
formed,  the  yield  being  less  than  10$.    Most  of  the  glycerol  was  pres- 
ent unchanged. 

The  procedure  was  repeated  using  15  gms.  of  glacial  acetic  acid 
as  a  catalyst,  the  refluxing  being  carried  on  without  an  oil  bath. 
The  acetic  acid  causes  the  formation  of  larger  amounts  of  dichlor- 
hydrin,  but  also  a  proportional  increase  in  the  formation  of  mono- 
chlorhydrin.     The  refluxing  was  carried  on  for  15  hours,  at  the  end 
of  which  time,  the  excess  HG1  was  distilled  off,  and  the  residue  frac- 
tionated at  20  mm.     The  product  was  a  colorless  oil  boiling  between 
129°  and  132°  G  at  20  mm.     The  yield  was  about  75$.    According  to 
Hanriot33  this  product  should  boil  at  139°  C  at  20  mm.  pressure.  The 
dichlorhydrin  came  over  at  80°,  the  Jft*m©no  ohlorhydrin,  of  which  a 
very  small  amount  was  formed,  came  over  at  146     ,  so  that  the  separ- 
ation was  relatively  easy. 

(  cj   y  -Diethyl  Amino  Pro-pandiol. 

One  mol  (110.5  gms.)  of  glycerol  mono  ohlorhydrin  was  heated 
with  2  mols  (146  gms.)  of  diethyl  amine  for  7  hours  at  100°  C.  Two 
mols  of  amine  were  used  so  that  there  v/ould  always  be  some  free  amine 
present  instead  of  the  hydrochloride,  the  latter  being  unreactive 
with  respect  to  glycerol  ohlorhydrin.    At  the  end  of  the  reaction, 
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the  hydrochloride  of  diethyl  amino  propandiol  separated  out  as  a  jellj 
like  mass.    This  was  dissolved  in  cold  30$  UaOH,  the  free  base  and  ex- 
cess diethyl  amine  dissolved  in  ether,  the  ether  extract  separated, 
the  ether  evaporated,  and  the  solution  fractionated.     115  gms.  of  a 
slightly  yellowish  liquid  boiling  at  127°-8°  C  at  28  mm.  were  obtain- 
ed.    This  is  a  78$  yield. 

A  three  gram  sample  of  this  product  was  titrated  with  0.208  K 
hydrochloric  acid,  98.5  c.c.  being  required  to  neutralize  the  base. 
To  titrate  3  gms.  of  pure  mono  diethyl  amino  propandiol,  98.1  c.c. 
of  0.208  U  HG1  would  be  required.  This  shows  that  a  practically  pure 
product  was  obtained. 

(d)  Oinnamoyl  Chloride. 

A  mixture  of  200  gms.  of  cinnamic  acid  and  200  gms.  ?Glg  was 
heated  on  a  steam  bath,  in  a  flask  connected  with  an  air  condenser 
fitted  at  the  top  with  a  calcium  chloride  tube,  for  several  hours, or 
until  the  mass  liquefied.    An  orange-yellow  gum  separated  out  on  the 
bottom  of  the  flask,  this  probably  being  phosphorous  acid,  and  occlud- 
ed impurities.     The  liquid  was  decanted  and  fractionated  under  24  mm. 
pressure.    The  product,  cinnamoyl  chloride,  was  a  straw  yellowish 
oil  boiling  at  147°  at  24  mm. ,  or  150°  at  30  mm.     Bumping  and  foaming 
began  after  132  gms.  of  product  had  been  distilled  over,  so  that  the 
distillation  was  discontinued,  for  fear  of  contaminating  the  product. 
This  oil  solidified,  and  was  found  to  melt  at  36.5°-37.5°,  the  pure 
product  melting  at  35°-36°.     This  was  recrystallized  from  ligroin. 

(e)  o-nitro-cinnamoyl  chloride. 

Molal  proportions,  25  gms.  p-nitro  cinnamic  acid  and  27  gms.  of 
PClg,  were  heated  on  a  steam  bath  with  an  air  condenser  for  about  18 
hours.     The  reaction  developed  considerable  heat  when  the  reacting 
substances  were  shaken.     The  product  in  the  flask  was  an  almost  dry 


(29) 

solid.    Extraction  of  the  para-nit ro-cinnamoyl  chloride  with  ligroin 
was  attempted,  out  this  was  unsuccessful.     The  entire  mass  was  then 
extracted  with  hot  benzene,  the  solution  filtered  and  evaporated  to 
dryness.    This  made  fractionation  of  the  mass  unnecessary.     The  re- 
sulting product  is  para  nitro  cinnamoyl  chloride. 

(f)  -Diethyl  amino  Propanol  -    V  -  Ginnamate. 

Squinolal  proportions  of    ^-diethyl  amino  propandiol  and  cinna- 
moyl chloride  were  mixed  in  benzene  solution  and  warmed  on  the  water 
bath.     The  hydrochloride  separated  out  as  an  oil.     The  benzene  was 
distilled  off,  and  the  residue  dissolved  in  water.    Dilute  HaOH  was 
added  to  precipitate  the  free  amine.     This  was  also  an  oil.     The  wat- 
er was  decanted,  and  the  product  washed  once.     It  was  treated  with  a 
water  solution  of  tartaric  acid.     This  seemed  to  be  soluble  in  the 
cold,  but  on  heating,  a  precipitate  came  down,  indicating  that  on 
heating,  the  tartrate  decomposes  into  the  free  amine  and  tartaric 
acid.     The  hydrochloride  and  the  free  amine  were  both  washed  free 
from  v/ater,  obtained  in  as  anhydrous  a  state  as  possible,  and  then 
cooled  to    -17°  G,  but  solidification  did  not  take  place,  showing 
that  both  <X  -diethyl  amino  propanol  -    if  -  cinnamate  and  its  hydro- 
chloride are  oils  at  ordinary  temperatures. 

(g)  &  -Diethylamino  Propanol  -  if  -  para  nitrobenzoate. 

15  gms.  of  para  nitro  benzoyl  chloride  were  dissolved  in  benzene 
and  an  equimolal  amount  of  diethyl  amino  propandiol  (11.9  gms#),  also 
in  benzene  solution,  was  added,  the  solution  shaken,  and  warmed  on 
the  water  bath.    Almost  iuimediately  a  thick  brown  resinous  product 
separated  out.    This  is  the  para  nitrobenzoate  of  diethylamino  prop- 
anol hydrochloride.  '  The  benzene  was  decanted,  and  the  gummy  mass 
cooled  to    -15°  G,  but  crystallization  did  not  take  place.     The  hydro- 
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chloride  was  a  white  insoluble  substance  when  reprecipitated.  The 
free  b&se  was  also  an  oil,  which  would  not  solidify  on  cooling. 

(h  )  t*  -Diethylamino  Propanoic  "d^-para  Aminobenzoate. 

The  weight  of  the  nitro  benzoate  above  was  assumed  to  be  about 
20  grams.     It  v/as  reduced  with  15  gms.  tin  and  28  c.c.  cone.  HCl,the 
temperature  being  kept  at  or  below  40°  C.    When  reduction  had  been 
completed,  the  solution  was  filtered,  diluted,  and  the  tin  precipi- 
tated with  HgS.     The  tin  sulfide  was  filtered  off,  the  excess  HgS 
boiled  out,    and  the  solution  made  alkaline.    A  brown  oil  separated, 
from  v/hich  the  water  was  decanted.     It  was  taken  up  in  alcohol,  the 
alcohol  evaporated  and  the  oil, ^-diethyl  amino  propanol- zf-para 
aminobenzoate,  cooled  to  -15°  C.     It  hardened,  but  showed  no  charact- 
eristic crystalline  properties,  again  becoming  liquid  on  assuming  the 
temperature  of  the  room. 

(i j      -Diethylamino  Propanol-/-  Para  nitrocinnamate. 

Para  nitro  cinnarnoyl  chloride  was  dissolved  in  benzene,  added  to 
a  benzene  solution  of  the  amino  alcohol,    and  warmed  on  a  v/ater  bath. 
The  hydrochloride  of      -diethyl  amino  propanol-  "/-para  nitrocinnamate 
separated  out  as  an  oil.     This,    when  freed  from  v/ater  and  cooled  to 
-16°  did  not  crystallize.     This  was  also  true  of  the  free  amine  of 
this  compound. 

(.1)    ^-Diethylamino  Propanol-     3^-para  amino cinnamate . 


The        -diethyl  amino  propanol-  "fl-para  nitro  cinnamate  prepared 
above  was  reduced  with  tin  and  hydrochloric  acid,  and  the  tin  removed 


sodium  bicarbonate.    This  compound  separated  out  as  an  oil.     It  was 


with  HgS  as  before. 


The  solution  v/as  cooled,  and  made  alkaline  with 


cooled  to  -19°  C. 


It  solidified,  but  shov/ed  no  crystalline  proper- 


ties. 
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The  method  of  preparation  of  para  nitro  benzoic  acid  has  been 
improved.     By  increasing  the  excess  of  sulfuric  acid  in  the  sodium 
dichromate  mixture,  the  time  of  refluxing,    which  was  reported  in 
the  literature  as  eighteen  hours,  is  now  reduced  to  one  hour. 

Reduction    of  para  nitro  ethyl  benzoate  to  anesthesin  is  satis- 
factorily carried  out  by  the  use  of  powdered  iron,  with  small  a- 
mounts  of  concentrated  hydrochloric  acid  to  catalyze  the  reaction, 

Anesthesin  is  not  a  satisfactory  intermediate  for  the  prepara- 

propyl- 

tion  of   <K-diethyl  amino-  //-para  amino  benzoate. 

The  reaction  betY/een  sodium  para  nitro  benzoate  and  trirnethylene 
bromide  has  been  studied.     The  use  of  diethyl  amine  as  a  catalyst  in 
this  reaction  was  demonstrated.    By  replacing  the  halogen  of  this 
bromester  with  diethyl  amine,  followed  by  subsequent  reduction  of  the 
nitro  group,  a  compound  of  the  novocaine  type  might  be  obtained, 
which  should  be  suitable  for  anesthetic  purposes. 

The  formation  of  glycerol  chlorhydrin  from  glycerol  and  hydro- 
chloric acid  is  increased  by  the  addition  of  small  amounts  of  glacial 
acetic  acid,  thus  verifying  the  reported  success  of  previous  investi- 
gators. 

The  diethyl  propyl  glycolin  derivatives  of  cinnamic,  nitroben- 
zoic,  aminobenzoic ,  nitrocinnamic ,  and  an-imoc  innamic  acids,  have  been 
prepared.     The  free  bases,  as  well  as  their  salts,  shov/ed  no  crystal- 
line properties,  thus  making  resolution  into  optically  active  forms 
more  difficult. 
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